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ABSTRACT 



A method, apparatus, and article of manufacture which 
provides for synchronizing links and group definitions in an 
object-oriented system. The method comprises the steps of 
creating a first class and a second class within a memory of 
a computer, creating a link between the first class and the 
second class within the memory of the computer, setting a 
multiplicity value within the memory of the computer to 
define a first group within the first class and a second group 
within the second class, creating an instance of the first class 
in the memory of the computer where the instance is within 
the first group, changing the group definition in the memory 
of the computer to include the instance and link the first 
group to the second group via the created link, and changing 
the created link in the memory of the computer to reflect the 
changes in the defined first group. 

36 Claims, 13 Drawing Sheets 
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"SSfflSSSSSST BACKGROUND OF THE INVENTION 

DEFINITIONS WITHIN AN lt Field of the Invention 

OBJECT-ORIENTED SYSTEM This invention relates generally to object-oriented 

5 environments, and in particular to a method for svnchroniz- 

CROSS-REFERENCE TO RELATED iog links and group definitions across an object-oriented 

APPLICATIONS system. 

This application is a continuation-in-part of the following 2 * Descri P tion of Related Art 
and commonly-assigned patent applications: In object-oriented systems, there is often a need to modify 
Application Ser. No. 08/747,415, entitled "METHOD 10 classes ' objects, attributes and object properties across an 
FOR SYNCHRONIZING CLASSES OBJECTS ob ject-oriented system. Current methods for modifying defi- 
ATTRIBUTES AND OBJECT PROPERTIES ACROSS AN mtions 0r CTcatin g ob J* ects and classes are not structured and 
OBJECT-ORIENTED SYSTEM," filed on Nov. 12, 1996, arC ° ften com P lex - Such complex methods often result in 
by Stephen A. Brodsky et al., now U.S. Pat. No. 5,893,913- numer °us errors and inefficiencies throughout the object- 
Application Ser. No. 08/747,414 entitled "LAYOUT 35 °!? eDted system ' Md are overl y inflexible. Current tools 
METHOD FOR ARC-DOMINATED LABELLED aUow ^ ere to draw links ^een classes, but do not provide 
GRAPHS/' filed on Nov. 12, 1996, by Dipayan Ganeo- f re P rese ° tatl0n for the link * one-to-many links or many- 
padhyay et al., now U.S. Pat. No 6 Oil 559 to-many links in instances of the classes. What is needed, 

a r '.• "c v, «o„ sentation of ODe-to-many links or many-to-many links in 

TI VP* Mn°npr e ^°- I " INTERAC - iaUucea of classes - is a further need in the art for a 

SStS sS " M , V° o ^n<° BJECT - 25 "f* ^ fM 3 dynamic ^ification <* Masses 

^rs^^^^r' us - i r r ,es depending on the ,ype ° f ciass ° r « 

Application Ser. No. 08/747,058, entitled "EXECUTION 
ENGINE IN AN OBJECT MODELING TOOL " filed on SUMMARY OF THE INVENTION 

Vto's^i™* StePheD A ' Bf0dSky Ct aU °™ US * Pat 30 T ° ° VerCOme thC limitati0QS in to P rior art Ascribed 

. ,™3,U10„ aboyej aQd tQ overcome Qther limitatiQns that beCQme 

T 3 lc f tl0n Ser- No - 08/747,417, entitled "NOTIFTCA- apparent upon reading and understanding the present 

c!^^ ANAGER F0R OB JECT.ORIENTED specification, the present invention discloses a method 

SYSFEMS, filed on Nov. 12, 1996, by Stephen A. Brodsky „ apparatus, and article of manufacture for synchronizing 

et al., now U.S. Pat. No. 5,991,536,; all of which applica- Unks and group definitions in an object-oriented system The 

tions are incorporated by reference herein. method comprises the steps of creating a first class and a 

This application is also related to the following second class within a mem °ry of a computer, creating a link 

co-pending and commonly-assigned patent applications: between the first class and the second class within the 

Application Ser. No. 08/850,858, entitled "OBJECT 40 °J emory of the computer, setting a multiplicity value within 

OUTLINE VIEW FOR GROUPS WITHIN AN OBJECT « me , mor y of the c °mputer to define a first group within the 

ORIENTED SYSTEM," filed on same date herewith bv hlS \ class and a imp within the second class, 

Stephen A. Brodsky et al.,; ' y cre atmg an instance of the first class in the memory of the 

Application Ser. No. 08/850 214 entitled "MFTTfnn com P uter where the instance is within the first group, 

FOR SENDING A MESSAGETOA GROUP « f?P definition in ~mory of the com-' 

GROUP BROADCASTS THE MESSAGE TO ITS MEM P a t ™ Ce and link the first S rou P t0 the 

BBRS OR" REFERENCES WITHIN AN oljECT ^ ™ ^fu ^ and me created 

ORIENTED SYSTEM/' filed on same d^SffS ^ISSL " ^ *" ^ * 

Stephen A. Brodsky et al.,; aennea nrst group. 

Application Sen No. 08/850,832, entitled "CHANGE 50 7™°"! advanta F s and features of novelty which char- 

AND ACCOUNTING LOG FOR OBJECT-ORIENTED actenze the invention are pointed out with particularity in 

SYSTEMS," filed on same date herewith, by Ste™ £ I aD ^ he f 0 a f J™ a part hereof. However, 

Brodsky et al,; y ° lcpnen for a better understanding of the invention, its advantages, 

Application Ser No 08/850 818 entitled "lunnur ? ndthe °^ 

TRACE VIEW FOR oS&^^y^I^ 55 ° to ^ H ^ *™ a ^er part hereof, and to 

filed on same date herewith, by ^{^32^^ S^^^^fi™^ » ^ 

now U.S. Pat No 5 960 199 • * ' u described specific examples in accordance with 

' the invention. 

Application Ser. No. 08/850,337, entitled "FRACTAL 
NESTED LAYOUT FOR HIERARCHICAL SYSTEMS " , BRIEF DESCRIPTION OF THE DRAWINGS 

filed on same date herewith, by Stephen A. Brodsky,; Referring now to the drawings in which like reference 

ATT P R P B^ DUmberS rCpreSem — Pondmf parts £^7^ 

A11K1BU1ES WITHIN AN OBJECT-ORIENTED Fin i , 

invention; 
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FIGS. 3A-3F illustrate the creation and display of con- 
tainment groups and containment links; 

FIGS. 4A-4F illustrate the creation and display of asso- 
ciation groups and reference links; 

FIG. 5 illustrates a window used to specify containment 
links and containment groups as used in the present inven- 
tion; 

FIG. 6 illustrates a window used to create association 
links and association groups as used in the present invention; 
and 

FIG. 7 is a block diagram illustrating the steps performed 
in the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

In the following description of the preferred embodiment, 
reference is made to the accompanying drawings which 
form a part hereof, and in which is shown by way of 
illustration a specific embodiment in which the invention 
may be practiced. It is to be understood that other embodi- 
ments may be utilized and structural changes may be made 
without departing from the scope of the present invention. 

Hardware Environment 

FIG. 1 illustrates an exemplary computer system 100 that 
could be used to implement the present invention. The 
computer 102 comprises a processor 104 and random access 
memory (RAM) 106. The computer 102 may be coupled to 
other devices, such as a monitor, a keyboard, a mouse 
device, a printer, etc. Of course, those skilled in the art will 
recognize that any combination of the above components, or 
any number of different components, peripherals, and other 
devices, may be used with the computer 102. 

Generally, the computer 102 operates under control of an 
operating system 108 stored in the memory 106. The present 
invention is preferably implemented using one or more data 
structures and computer programs operating under the con- 
trol of the operating system 108. More specifically, the 
present invention includes an object-oriented modeling tool 
110, an object model 112, and various objects 114. 

In the preferred embodiment, the operating system 108, 
the object modeling tool 110, the object model 112, and the 
objects 114 are all tangibly embodied in a computer- 
readable medium, e.g., data storage device 116, which could 
include one or more fixed or removable data storage devices, 
such as a removable cartridge drive, floppy disc drive, hard 
drive, CD-ROM drive, tape drive, etc. The computer 102 
displays characters, text, and graphics on a monitor 118 
which allows a user to view what operations the computer 
102 is performing using modeling tool 110. Further, the 
operating system 108, the object modeling tool 110, the 
object model 112, and the objects 114 are all comprised of 
instructions which, when read and executed by the computer 
102, causes the computer 102 to perform the steps necessary 
to implement and/or use the present invention. Of course, 
those skilled in the art will recognize many modifications 
may be made to this configuration without departing from 
the scope of the present invention. 

Synchronizing the Object-Oriented System 

FIG. 2 is a block diagram illustrating the structure of an 
exemplary object-oriented system 114 according to the 
present invention. In the object-oriented system 114, Qass2 
202 is a subclass of Classl 200. Objectl (Objl) 204 is an 
instance of Classl 200 and Object2 (Obj2) 206 is an instance 
of Class2 202. 



,142 Bl 

4 

Classl 200 and Class2 202 both include Attributel (Attrl) 
208. Attributel 208 is propagated to Objectl 204, which is 
an instance of Classl 200. Attributel 208 is also propagated 
to Object2 206, which is an instance of Class2 202. The 
5 attributes are identified as Classl/Attributel, Class2/ 
Attributel, Objectl/Attributel, and Object2/Attributel. 

However, Classl 200 and Class2 202 can be related via a 
link, which can change depending on the relationship of 
Objectl 204 and Object2 206. As the relationship between 
10 Objectl 204 and Object2 206 changes, the parameters of the 
link must also change to synchronize the model of the 
system 114. 

The link can be of two different types, depending on 
whether the link corresponds to a group of objects contained 

15 within another object, or whether the link corresponds to a 
group of references to objects that exist outside of the group. 

An object can be a member of multiple groups, and a 
group can have more than one object within the group. Thus, 

20 a link must define and support a variable that refers to 
multiple instances. This variable is called multiplicity. To 
define a group, the multiplicity variable of a link is defined 
to be unlimited, and designated by the character "*" 
(asterisk). The group construct must also provide support for 

25 adding and deleting members of a group, and moving 
members from one group to another. 

Group Properties 

The group construct must provide properties to identify 
30 the group, type of group, and limitations on objects that can 
be members of the group as well as limitations on access to 
the group. These properties of the group construct are the 
group names, descriptions, types, member types, and vis- 
ibility. 

35 Group names are in the same name scope as other things 
which belong to objects and classes, like attributes. The 
group descriptions are words or phrases that give a lengthier 
definition of the group. 
There are two types of groups: association groups and 

40 containment groups. Association groups contain reference 
members corresponding to objects that exist outside the 
group. Containment groups contain object members that 
exist within the group. 

An object member is physically within the group; if the 

45 group is deleted, the object is deleted also. A reference 
member contains a reference to an object that exists outside 
the group. If the group is deleted, the object remains. 
The member type allows users to restrict which objects 

5Q and references can be added to a group. It is the name of a 
class. Only instances of that class or its subclasses can be 
added to the group. This limitation applies to both reference 
members and object members. 

If a member of a group is an object, the path name of the 

55 object is the path name of the group +'T+ the name of the 
object, e.g., "Person/Personl." If the member of a group is 
a reference, the path name of the object is not changed. 
There cannot be two members in a group with the same 
name. 

60 An object can be a reference member of more than one 
group, but it can be an object member of only one group. An 
object member of a public containment group can be a 
reference member of other groups. If the containment group 
is private, the object members cannot be reference members 

65 of other groups. 

If an object is deleted, corresponding reference members 
are deleted. The interrelationship between groups and mem- 
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^mher^nH 3 ! " ^ Cami0t ^ sh ° W the the cont ^™nt links for a given model, 
members and an containment group cannot contain refer- Person class 210 is represented by icon 234 and building 
ence mem ers. class 212 i s represented by icon 236. Containment link 226 
Itae visibility of a group is either public or private. The is represented by link 238, and link 238 shows that icon 234 
visibility of a group does not affect the visibility of con- 5 and icon 236 are coupled together The name 240 of con- 
structs belonging to group members. It affects whether other tainment link 226 is listed with the link 238 e g "occu- 
objects can access the group members and add or delete pants." Further, multiplicity value 230 is listed with the link 
members from the group. e.g., "*." ' 

Containment Group Example in The diamond shzped head 242 of link 238 indicates that 

mr- *a n . * ■ 10 P^son class 210 is contained within building class 212. 
MG. 3A illustrates a containment link structure as prac- 

ticed by the present invention. Association Group Example 

zh^nfluu "f d P r ° g ; am T& la ^g^ser should be FIG. 4A illustrates an association link structure as prac- 

able to model the fact that people are inside buildings, they ticed by the present invention 

can move from one building to another, and people may not 15 Person n a « ?ift ♦* u- ♦ n 

be in a building n °" Uass 210 a S am contains objects Personl 214, 

rp , . Person2 216, and Person3 218. Objects in the Person Class 

imZ ? p u ^n?' *™ W °!! ld Cfeate a PerSOn Class 210 sh °P at stores iD to Store Class 244, Storel 246 and 

JLu ^ 114 PeS nZ ^iH ? ^'"i 0n j nted St0fe2 248 bekg Withi ° Store CIa - 244 ' ™ I Store 

system 114 Person Class 210 would have several objects, groups the customers by whether they shop at that store or 

e.g., Personl 214, Person2 216, and Person3 218. Building 20 not. V P 

Class 212 would also have several objects, e.g., Buildinel Pir. An *Um T * r 

220 and Building2 222 ouiioingi H G. 4B snows the creatl0n of an ass0ciatl0I1 ^ and an 

c r.u ?T ' association group in the present invention. 

any given object wkn F*^S£^"£ "more 25 tl ^ Steals ^ "2"*"! 

than one building at any given time & , P *, ? f2f' ed belween P erson class 210 and 

Fin «h™J. rh , f • St0re Class 244 - Llnk 252 nas an associated name 254 and an 

MO. 3B shows the creation of a containment group and associated multiplicity value 256. To create an association 

containment link by the present invention. link, the multiplicity value 256 must be unlimited~ed 
ine present invention allows for a group 224, otherwise 30 by an asterisk. The group 250 is initially empty upon 

known as a containment group, to collect and synchronize creation. 

Silt!? £n j6 n S Wi,hin ^T- QaSS ?° that aK iD F,G - 4C shows the m «°>ber S within the asso- 

Buildingl 220. Once group 228 is created, a link 226 is ciation group of the present invention 

created between person class 210 and building class 212 Fir, Ar «h™,c , t l. 

Personl 214 ner«m2 2ifi a nH -m e • J 4L SD0WS adding reference members corresponding 

o'uTofg^ 

Person2 216 move from Bnildingl 220 ChanX the num nF^ 2 y\ Re v ™« 258 Sh ° WS ^ peKOnl 

tar of objects within Person cL^^^Z ^ T\Z ^S^tS?" T 

with an object building does not change the definition of 262 show, thM ViT u ? efere °<* ^mber 

Building Class 212. Group 224 is given a name 228 on * u Pl 1 ^ 2 216 sho P s at ^2 248, and 

occupants, and a multiplicity va.ue 230 To spe 3J a X "^21 f ^ ^ £f ^ 31 

tainment group, multiplicity value 230 must be unlink ,«?" , \ ,he refcrence members 258-264 are placed 

denoted by an asterisk ' " f ° Up 250 10 the relationships between person class 

Fir. ir.iw, . u • .u ,_• ■ L 10 and store class 244 ^ ob J ect s 214-218 are not 

ment gro™ ^ ° bj6CtS Wlthln * C ° ntaiD - physiCally COntained within 8 rou P 2S0 - Fu ^er, one object, 
J . „, , , 45 e 'S-> Person 216, can be in both group 250 associated with 

rersoni Z14 and person2 216 can mo ve from. outside storel 246 and group 250 associated with store2 248 

building! 220 to inside building T220. When personl and FIG. 4D shows moving a reference to an association 

person2 do this, they will be members of group 224 within group. "lercnce to an association 

the instance buildingl 220 of building class 212 Grouo 224 if~r™.i ^ i. 

associated with instance building2 222 is stiU empty smce » „ h lf 2U fT. sho PP m S at storel 246 > a ° d ^arts 

no member of person class 21o1s m bufldi 222 f™"* ^ 24 *' refereDCe member 258 * moved 

FTG in ,-n„c„.i.c u DuiidmgZ 222. from group 250 associate witfa s , orel 246 250 

grouS' 8 JCCtS be ' Ween coatainment dialed with store2 248 to illustrate the change in asso- 

a ciaUon between person class 210 and store class 244 
222* S f S5 f ^^"jMtcrsbiiildingZ 55 FIG. 4E shows deleting an object from a class in the 

222, person2 214 moves from group 224 associated with present invention 

instance buildings 220 to group 224 associated with instance if „ mn2 n« f .■. 

building2 222 it person2 216 moves away from the area, person2 216 

mr ;n„ . . can no longer shop at storel 246 and store2 248 In this 

gro™ m0V1Dg ° bjeClS b6tWeen CODtainment s «n a ri». Person2 216 will be deleted from the model inThe 

Aq nprcnni 9ifi • • , • , . 60 memor y U4 - and the reference members that represent 

JLwF J ? nS 216 m buMng2 222 ' perSOn2 216 ' e &' reference raembers 260 and 262, Will be 

E£ J ^T VeS 10 8r ° UP associated correspondingly deleted from group 250 associated with 

Inr ,7' St0rel 246 and S rou P 250 associated with store2 248. 
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store dSsTco^olZnZ , 8 Pe T° D 5f 210 "2 Block346iIlu St rates.hecomputersettinga m ultiplici ty to 

E«S?2bT^-^ class 244 connected an unrestricted value to define a group for each instance of 

by associahon hnk 272 Association link 272 is shown with the first class and each instance of the second class 

a link name 274, e.g., "customers." Association link 272 is B i nck »4e nwr.f.. .k . 

also shown with multiplicity values 256 and 276 to show 5 .J^? ^ '^"^ the C ° mpU ! er Creatmg m IDStance of 

the multiplicity values' of the roles for each end of tZ ifT™ ^ ^ " ^ ^ ^ 

association link 272. Block 351) illustrates the computer changing the group 

definition. 

Containment Group and Containment Link Block 352 illustrates the computer changing the instances 

Description 10 to reflect the changed group definition. 

FIG. 5 illustrates a window used to specify containment Conclusion 
links and containment groups as used in the present inven- This concludes the description of the preferred embodi- 
ment of the invention. The present invention discloses a 

lo specify a containment group of objects within an 5 method, apparatus, and article of manufacture for synchro- 
object-oriented model, the containment group of objects nizing an object hierarchy in an object-oriented system The 
must be specified such that the computer that is running a method comprises the steps of creating a first class and a 
given object-oriented model is able to use the information second class within a memory of a computer, creatine a link 
about the containment group. between the first class and the second class within the 

As shown in FIG. 5, window 300 is displayed on the 2 o memor y of the computer, setting a multiplicity value within 
monitor of a computer to assist the programmer or user in the memorv of the computer to define a first group within the 
specifying a containment group. For containment groups first class and a second group within the second class 
name 302, if the multiplicity value 304 is unlimited, denoted creating an instance of the first class in the memory of the 
by an asterisk, then containment groups with the name computer where the instance is within the first group 
specified in name field 302 are added to instances of the 2 5 chan S in g me g rou P definition in the memory of the corn- 
container class. A description of the containment group is puter to mclude me instance and link the first group to the 
described in description field 306. second group via the created link, and changing the created 

The window 300 also contains pushbuttons 310-318 ^ m the memor y of the computer to reflect the changes in 
which allow the user to update or delete a given containment defined filSt group * 

link or group, close the window 300, or request online help. 30 ^ foregoing description of the preferred embodiment of 
Button 310 is disabled for containment groups. me motion has been presented for the purposes of illus- 

tration and description. It is not intended to be exhaustive or 
Association Group and Association Link t0 me invention to the precise form disclosed. Many 

Description modifications and variations are possible in light of the 

FIG 6 illustrates a winrW n *»A 3 * f bove teachin g- 11 ^ intended that the scope of the invention 

As shown in FIG. 6, window 320 is displayed on the What is claimed is: 

monitor of a computer to assist the programmer or user in 1. A computerized method for synchronizing interrela- 
creation of the containment group. T^e name 322 is used to 40 tionship links of an object-oriented system, comprising the 

specify the association link, along with rolel 324 with steps of: * ' com P risin S me 

multiplicity value 326, and role2 328 with multiplicity value (a) creating a link between first and second groups within 

M a me mory of a computer, wherein the first group is 

iName 322 allows the user to give a unique name to the defined by a first group construct within a first class and 

association link or association group. Description 332 pro- 45 the second group is defined by a second group construct 

vides a description of the association link. within a second class, and wherein the link defines and 

When multiplicity value 330 is specified as unlimited, supports a multiplicity variable; 

then the value of the role name field 328 is the name of an ( b ) creating at least one first object from the first class in 

association group. When multiplicity value 326 is specified the memory of the computer, wherein the first object is 

as unlimited, then the value of the role name field 324 is the 50 grouped within the first group, wherein the first object 

name of another association group. Class name 332 is the ^ not linked to the first group; 

class in which the association group named in role name 328 ( c ) creating at least one second object from the second 

exists. Class name 334 is the class in which the association class in the memory of the computer, wherein the 

group named in role name 324 exists. The names of the second object is grouped within the second group 

classes 332 and 334 cannot be changed in window 320. 55 wherein the second object is not linked to the second 

Pushbuttons 336-340 are provided for the user to verify & 0U V ; and 

the correctness of the information in the window 320, cancel ( d ) changing parameters of the created link in order to 

the creation of the association link or association group, or synchronize the system as relationships change 

to request online help. between the first objects in the first group and the 

FIG. 7 is a block diagram illustrating the steps performed 60 second ob i ects m the second group, 

in the present invention. 2. The method of claim 1, wherein the link created is an 

Block 342 illustrates the computer creatine a first class association and the first and second groups include at 
and a second class in the object oriented model iC \ St ™ a ^ ci f>? ^up. 

Block344mus^^ 65 Ji^SS ^ WhereiD Crcated iS 4 

thefet class and the second class in the object-oriented 4. The method of claim 3, wherein the containment link 

corresponds to a containment group within the first class. 
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5. The method of claim 1, wherein at least one attribute of 14. The method of claim 1, wherein the defining com- 
a link is independently configurable. prises setting a multiplicity value within the memory of the 

6. The method of claim 1, wherein the object created from computer. 

the first class inherits the link relationships of the first class. 15. The apparatus of claim 11, wherein the groups syn- 

7. The method of claim 1, wherein the changes to rela- 5 chronize all objects within the group. 

tionships between first and second objects are limited to a apparatus of claim 11, wherein the defining 

group within a class associated with the created link comprises setting a multiplicity value within the memory of 

8. The method of claim 1, wherem the created link is a tne computer 

public link the public link being accessible by a second 1? ^ af ^ mtus of claim Hj wherein the link created ^ 

created instance of the first class. . , , iL ^ A , , . , . 

9. The method of claim 1, wherein the created link is a 10 a " aSS ° Ciatl0D the filSt and mclude 
private link, the private link being accessible only by the at e o as ^ 0De f°^V- . 

created instance e a PP aratus °* claim 11, wherein the link created is 

10. The method of claim 1, further comprising displaying a containment link. 

the first and second groups on windows of a computer 19 ^ apparatus of claim 18, wherein the containment 

display wherein the windows are all synchronized. 35 ^vik corresponds to a containment group within the first 

11. A computerized apparatus for synchronizing elements class. 

of an object-oriented system, comprising: 20. The apparatus of claim U, wherein at least one 

(a) a computer having a memory; attribute of a link is independently configurable. 

(b) means, performed by the computer, for creating a link 21 1116 apparatus of claim 11, wherein the object created 
between first and second groups within the memory of 20 from the &st class inherits the link relationships of the first 
the computer, wherein the first group is defined by a class. 

first group construct within a first class and the second 22 • ^ apparatus of claim 11, wherein the changes to 

group is defined by a second group construct within a relationships between first and second objects are limited to 

second class, and wherein the link defines and supports a S rou P within a class associated with the created fink, 

a multiplicity variable* 25 23- apparatus of claim 11, wherein the created link is 

(c) means, performed by the computer, for creating at a P»Mjc link, the public link being accessible by a second 
least one first object from the first class within the createdinstance of the first class. 

memory of the computer, wherein the first object is 24 ' The apparatus of claim 11, wherein the created link is 

grouped within the first group and the first object is not a P riva , te unk - tne P nvate ^ beu W Mcessible only by the 

linked to the first group; 30 created instance. 

✓ jx r . a. c 25. The apparatus of claim 11, further comprising dis- 

(d) means, performed by the computer, for creating at , . 4l _ x r , , • j * 

i t , i* f c *u j i *u- *u playing the first and second groups on windows of a com- 

least one second object from the second class within the j. , . • . ■ . *, . - t 

f4U . i_ • .i_ j i • . • puter display wherein the windows are all synchronized, 

memory ot the computer, wherein the second obiect is ^ ■ i ^ r c , . /* . , 

"j ■ j j .i j i • . 26. The article of manufacture of claim 12, wherein the 

grouped within the second group and the second obiect , . „ ,. 4 ...... 

■ * i* i a * + u j a 35 groups synchronize all objects within the group, 

is not linked to the second group: and b * . . - J _ - . . , . , 

, x r , . ■ t- 27. The article of manufacture of claim 12, wherein the 

(e) means, performed by the computer, for changing definin ^ ^ a multiplicity value the 
parameters of the created link in order to synchronize m * of computer * 

the system as re auonskps change between the first 2g ^ arlic , e of manufacture of claim 12 wherejn lhe 

object in the first group and the second objects u the w , jnk crea , ed ^ M associatioQ link> and ^ bst and 

secon group. groups include at least one association group. 

12. An article of manufacture comprising a program 29 ^ artide of manufacture of claim 12 wherein the 
storage medium readable by a computer having a memory ^ fa a amiliaaeat unk . 

the medium tangibly embodying one or more programs of 30 ^ ^ of manufacture of claim 2 „ wherein , he 

instructions executable by the computer to perform method AC . • „ *r i „ j . * * * 

- , . . J , K _ ^ , . . ,45 containment link corresponds to a contamment group within 

steps for synchronizing elements of an object-oriented me ^ t j 

system, the method comprising the steps of: 31 ^ e ^ Qf manufacture of claim ^ wherein at 

(a) creating a link between first and second groups within least one attribute of a link ^ independently configurable, 
a memory of a computer, wherem the first group is 32 ^ article of manufacture of claim 12 , whe rein the 
defined by a first group construct within a first class and 50 object created from the first dass inherits the link relation . 
the second group is defined by a second group construct 0 £ me 

within a second class, and wherein the link defines and 33 ^ article of manufacture of claim 12) whe rein the 

supports a multiplicity variable; changes tQ relationships between first and second objects are 

(b) creating at least one first object from the first class in limited to a group within a class associated with the created 
the memory of the computer, wherein the first object is 55 link. 

grouped within the first group and the first object is not 34. The article of manufacture of claim 12, wherein the 

linked to the first group; created & a public ^ lhe public ^ being acceS sible 

(c) creating at least one second object from the second by a second created instance of the first class. 

class in the memory of the computer, wherein the 35. The article of manufacture of claim 12, wherein the 

second object is grouped within the second group and 60 created link is a private link, the private link being accessible 

the second object is not linked to the second group; and only by the created instance. 

(d) changing parameters of the created link in order to 36. The article of manufacture of claim 12, further corn- 
synchronize the system as relationships change prising displaying the created link and the first and second 
between the first objects in the first group and the groups on windows of a computer display wherein the 
second objects in the second group. 65 windows are all synchronized. 

13. The method of claim 1, wherein the groups synchro- 
nize all objects within the group. ***** 
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